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Abstract 
Watersheds and other related ecosystems have played a significant role in providing various functions that are vital to 
society. However, due to the increasing problems on climate change, these watersheds are now subjected to several 
environmental hazards posing many concerns that affect its management and sustainability. Thus, it is imperative to 
determine the vulnerable regions in these landscapes to identify priority areas that may require immediate 
intervention. This paper aims to determine the vulnerability of watersheds using a geospatial-based environmental 
vulnerability index called the Geospatial-based Regional Environmental Vulnerability Index for Ecosystems and 
Watersheds (GeoREVIEW). This approach is, then, utilized to assess the vulnerability of La Mesa Watershed 
(LMW), a vital carbon sink and an important source of domestic water supply in Metro Manila. Based on the 
vulnerability map ranging from 2.86 to 3.52 was also generated from the process. It was found that around 69.7% of 
the watershed have vulnerability scales of >3.0. In addition, priority areas were determined using an evaluation 
matrix and results showed that around 8.4% (193.4 ha) of LMW have high to very high priority levels. All these 
information are very indispensable and can be used to address management issues, such as resource prioritization and 
optimization. In addition, these can be utilized to sustainably manage the watershed particularly on the provision of 
quality water for domestic use of several cities in the national capital region as well as its neighbouring provinces. 
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1. Introduction 
La Mesa Watershed (LMW) is an important ecosystem in Metro Manila because it serves both as a 
carbon sink and as a source of domestic water supply to about 12 million residents in the national capital 
region and its neighbouring provinces.  It has an area of about 2,659 ha, including its reservoir, which is 
approximately of 365 ha. The topography in LMW is characterized by gently undulating terrain with 
elevations ranging from 46 to 256 masl. LMW is a government property titled to the Metropolitan 
Waterworks and Sewerage System (MWSS) that was initially commissioned in 1929. The area has 
experienced severe degradation from the past, mainly resulting from deforestation due to slash and burn 
watershed, the government contracted the services of the Manila Seedling Bank Foundation, Inc. in 1978 
to undertake reforestation efforts in the area. However, when the contract ended in 1983, land conversion 
and illegal harvesting of trees continued. Hence, in 1999, the Bantay Kalikasan (Nature Watch) of the 
ABS-CBN Foundation, Inc. (AFI) came into an agreement with MWSS to undertake reforestation 
activities in the area to avert further degradation of the watershed. Bantay Kalikasan is the environmental 
arm of AFI that started on July 21, 1998. This is a media-based project supported by multi-sectoral 
network of government agencies, private institutions and non-government organizations. Its launch was 
intended mainly to serve as a catalyst in addressing the concern over the worsening state of the Philippine 
environment characterized by air and water pollution, forest denudation, irresponsible waste disposal and 
their life threatening effects. To date, LMW is still being managed by Bantay Kalikasan and most parts 
are now plantation forests. 
The management, however, in LMW and in other watersheds of the country, is faced with many 
challenges due to the increasing problems brought about by climate change. Thus, it becomes imperative 
to undertake vulnerability assessment in these areas to further improve the effective management of these 
landscapes. In this particular research, a geospatial-based method was developed to assess vulnerability of 
watersheds and other related ecosystems. The model is called Geospatial-based Regional Environmental 
Vulnerability Index for Ecosystems and Watersheds or in short, the GeoREVIEW model. The results 
from the assessment can be used by managers to increase the coping capacity of the watershed on climate 
change, to improve its resilience from various environmental hazards, to develop adaptation strategies, 
especially on areas that are identified to be highly vulnerable, or to address sustainability issues on 
domestic water supply.  
2. The GeoREVIEW model 
The GeoREVIEW model is comprised of 21 indicators that are classified into three major components 
namely, exposure, sensitivity and adaptive capacity [1]. Figure 1 shows the conceptual framework of the 
approach. The exposure component is mainly described by climate variability under various spatio-
temporal scales. This includes temperature, precipitation and wind. In some vulnerability studies, 
exposure is only associated with climate variability. However, it was cited that non-climatic factors play 
an important aspect in the system [2]. These factors may be comprised of environmental, economic, 
demographic, technological or even political factors. Hence, both climate variability and non-climatic 
features are incorporated in the model. Overall, the exposure component is composed of seven indicators 
namely, dry season, wet season, maximum temperature, minimum temperature, maximum wind, elevation 
and watershed area. The sensitivity component denotes the potential threats and hazards posed by 
different climate-related stimuli as well as non-climatic factors. In addition, sensitivity is described as a 
dose-response relationship between exposure and resulting impacts [2]. Under this component, seven 
indicators are used and these are biodiversity, threatened species, ecosystem greenness, land use change, 
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stream channel, biomass potential and erosion potential. Finally, the adaptive capacity is described as the 
ability of a system to adjust to actual or expected climate stresses or to cope with the consequences [3]. 
The Intergovernmental Panel on Climate Change (IPCC) described that adaptive capacity can be 
expressed in terms of wealth, technology, education, information, skills, infrastructure, access to 
resources, stability and management capabilities [4]. The adaptive capacity in this model includes 
indicators that can have direct or indirect influence to the extent of use and damage to the watershed and 
its resources. Furthermore, it involves indicators that may contribute positively and negatively to the 
improvement or environmental pollution and disturbance. Overall, there are seven indicators in the 
adaptive capacity component. These are classified into social (e.g. human development index, population 
density, population growth, and number of tourist), infrastructure (e.g. road density) and biophysical 
features (e.g. vegetation cover, soil quality). 
Each indicator can be categorized also as a hazard, resistance or damage indicator. Indicators of 
hazard address the possibility of a hazardous event to occur, its frequency and intensity. Resistance 
indicators are those referring to the inherent capacity or characteristics of the watershed to withstand the 
impacts or the resulting response to hazardous events. Lastly, the damage indicators exemplify the extent 
of degradation experienced by a system from past unlikely incidents or demonstrate the loss of ecological 
integrity from recurring hazards. These varying aspects imply that different indicators also represent 
various types of concerns which can be associated to climate, environment, disaster, or even with 
demographic impacts on the watershed. Thus, a new set of significant information could be generated 
from this idea that would potentially capture different fields of interest and this can play an essential part 
in the decision-making process.  
The approach utilizes a scale of 1 to 5 for every indicator to indicate the level of vulnerability: 1 being 
the least vulnerable and 5 being the most vulnerable scale. The threshold levels for most of the indicators 
are determined using statistical test while others are derived from previous studies. Finally, an overall 
vulnerability point (OVP) is calculated to determine the vulnerability level of the watershed and is 
derived using the following equation: 
 
iSi /Smax i = 1               (1) 
 
where:  OVP  overall vulnerability point 
    Wi  weight given to indicator i 
    Si  scale given to indicator i 
  Smax  maximum scale 
 
Based on the calculated OVP, the vulnerability of the watershed can be categorized using the 
following scheme: 
 
                   Table 1. Overall vulnerability classification. 
 
Category Classification Overall Vulnerability Point 
5 Highly Vulnerable >90 
4 Vulnerable 70  90 
3 At Risk 50  70 
2 Low Risk 30  50 
1 Resilient <30 
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3. Vulnerability assessment of La Mesa watershed 
All scales given to 21 indicators were mapped and overlaid to produce the vulnerability map of LMW. 
This map generated varying scales ranging from 2.86 to 3.52 (Figure 2a). The distribution of scales in the 
vulnerability map excluded the reservoir hence a total area of about 2,293.0 ha was derived for LMW. It 
was found that around 69.7% or 1,598.7 ha of the area has a scale of >3.0. These areas are mainly located 
at the central and lower portions of the watershed, mostly near the reservoir. On the other hand, there are 
30.3% or 649.3 ha with scales of 
watershed.  
The continuous scales from the analysis were further reclassified into several classes with an interval 
of 0.1 to determine the distribution of these scales in the watershed. Based on these range classes, a scale 
range of 3.0-3.1 had the highest percentage (44.7%) covering an area of 1,025.1 ha. These areas are 
mainly situated in the central portion of the watershed. This was succeeded by a scale range of 2.9-3.0 
which occupies 683.0 ha or around 29.8% of the area. Majority of these areas are located in the upper 
parts of LMW and some are found at the north-western portion of the reservoir. The third highest was 
observed in a scale range of 3.3-3.4 (171.1 ha or 7.5%), while the lowest was found within the scale range 
of 2.8-2.9 (11.3 ha or 0.5%). The lowest scale range is mainly confined at the north-western part of the 
watershed while high scale range classes (3.2 -3.6) are mostly located near the reservoir, particularly in its 
southern portions. This implies that interventions, such as landscape rehabilitation and forest protection, 
must be considered by the Bantay Kalikasan management and MWSS to abate adverse impacts of future 
environmental hazards. 
Based on recent events in t
(International name: Ketsana), that hit Metro Manila in 2009. According to the Philippine Atmospheric, 
Geophysical and Astronomical Services Administration (PAGASA), this typhoon was the most 
devastating typhoon to hit Manila in that year. Normally, the soil can absorb between 100-150 mm with 
200 mm maximum without flooding. However, when the typhoon reached Metro Manila on September 
26, 2009, the recorded rainfall amount that day was around 454.9 mm. This caused heavy flooding in 
many areas in Metro Manila, particularly in Marikina City. This event also caused several flash floods 
and stream bank erosions in LMW. According to LMW staff during an interview, one of the most 
affected sites in LMW is the Kalumpit River located immediately above the north-eastern part of the 
reservoir. This river experienced flash floods and erosions during this event, which is also captured in the 
vulnerability map. There had also been reports that the eastern portion of the reservoir is frequented with 
forest fires especially during summer. These fires are mainly attributed to the grassland areas in the 
watershed. However, the management also believed that most of these fire incidents are caused by illegal 
settlers located just adjacent to the boundary of the watershed. Other areas that were also reported to be 
prone to fire attacks are the western portions of the watershed, particularly, those at the periphery.  
Based on the overall assessment of LMW, the watershed received an OVP of 62.52 that classifies the 
development (1.26) and erosion potential (1.38). Meanwhile, the most vulnerable indicators are observed 
in maximum wind (5.0), elevation (5.0), threatened species (5.0) and road density (5.0). The assessment 
on the various components of vulnerability revealed that exposure component has the highest average 
scale (3.57), while the lowest average scale is observed in the sensitivity component (2.51). This means 
that one of the major problems in LMW lies in its external factors such as climate variability as well as its 
topography. This is followed by its demographic-related problems that capture the impacts of high 
population density and high annual growth rate in the area. In terms of the various aspects of 
vulnerability, the damage indicators obtained the highest average scale (3.48) followed by hazard 
indicators (3.39), while the lowest is exhibited by the resistance indicators (2.52).  
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Finally, the overall assessment of LMW provides information about potential issues that affect 
watershed management. The two major issues depicted in LMW are erosion and landslide (OVP - 63.82) 
and biodiversity loss (OVP - 62.42). These concerns are reflected on the recent events that happened in 
the watershed, particularly when the area was hit by the strong typhoon in 2009. The biodiversity issue, 
on the other hand, was exemplified by the low timber species composition in the area and high number of 
threatened faunal species in the watershed. The other policy relevant issues reflected in the assessment are 
flood and drought. Flood (OVP - 58.40) is third on the list of concerns while the lowest OVP (43.58) is 
observed on drought. The top three issues (i.e. erosion and landslide, biodiversity loss, flood) are already 
problems. The least of the issues in LMW, at present, is drought. However, constant monitoring and 
continued implementation of its reforestation efforts must be carried out to maintain, or possibly lower, 
 
The vulnerability map of LMW was further refined to determine the areas of immediate concern by 
using an evaluation matrix. This matrix is comprised of the two criteria. The first criterion is the 
vulnerability scale that is divided into several classes with an interval of 0.5. This criterion has eight 
classes ranging from 1.0 to 5.0. The least vulnerable scales are captured in classes belonging from 1.0 to 
3.0. The lower the value of the scale, the less vulnerable the class is. On the other hand, classes with scale 
from 3.0 to 5.0 are regarded as the highly vulnerable classes. It means that the higher the scale, the more 
vulnerable the class is. The other criterion in the evaluation matrix is the normalized difference vegetation 
index (NDVI). The NDVI is used in identifying priority areas because of its affinity to ground cover 
estimation, photosynthetic activity of the plant, surface water, leaf area index and the amount of biomass. 
Moreover, healthy vegetation, unhealthy or sparse vegetation, and bare soils can also be identified using 
NDVI. By design, NDVI takes values -1.0 to +1.0. These NDVI values are classified into five classes 
with 0.1 interval.  
Based on this evaluation matrix, a map showing the low to high priority levels is generated (Figure 
2b). Based on the results, low priority areas have the highest percentage (56%) accounting to about 
1,284.8 ha. High to very high priority areas, on the contrary, have only a total of 8.4% or 193.4 ha. Most 
of these high to very high levels are situated near the reservoir. 
these areas are the least priority in terms of restoration efforts because of its intact vegetation cover and 
high resilience. Moreover, this level signifies that the area has higher capacity to sustain itself against 
future environmental hazards and there is minimal risk that such hazards are likely to occur in the area. 
which may also lead to the degradation of ecological services if not properly addressed with appropriate 
actions. Landscape restoration endeavours (e.g. reforestation, implementation of mitigation measures, 
etc.) are likely to be applied in these areas. 
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Fig. 1.  Conceptual framework of GeoREVIEW 
 
                                     (a)                                                                             (b) 
Fig. 2.     (a) vulnerability map; (b) priority areas 
4. Conclusion 
The development of the GeoREVIEW approach is initiated to provide an avenue to assess the 
vulnerability of watersheds and other related ecosystems in the Philippines to various environmental 
interesting results that can be used by Bantay Kalikasan management in improving its plan to effectively 
manage the watershed. This can be utilized further to increase its capacity to provide environmental 
services, especially in supplying domestic water to several cities in the national capital region and its 
neighbouring municipalities. It is also envisioned that its application to be made to other watersheds in the 
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country to evaluate further its behaviour and to make the necessary improvement of this approach so that, 
in the future, it can be used as a tool to assess most watersheds in the country. 
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